To substantiate the effects of urine flow rate on renal lysozyme handling and Nvacetyl-Bvn-glucosaminidase (NAG) excretion, experiments were performed in normal human subjects. Urine flow rate was varied by overnight fluid deprivation and progressive diuresis induced by oral water loading. Lysozyme measurements were made using an improved turbidimetric method and NAG determinations using a modified fluorometric assay utilising individual recovery techniques. Fractional lysozyme clearance and lysozyme excretion demonstrated a nearly linear relationship with urine flow rate (r=0·78, r=0·80, P<0·0005) , and both were elevated significantly in samples obtained during diuresis. NAG excretion, however, demonstrated a significant but weak correlation (r=0·47, P<0·005) with fractional urine flow rate. A significant (P<0·05) difference in NAG activity occurred only during the period of hydropenia, when a decrease in excretion was observed. These findings suggest that the effect of diuresis on lysozyme excretion should be considered in studies utilising this enyzyme as a marker of renal injury.
The effect of hydropenia and oral water loading on renal lysozyme handling and Nsacetyl-Bvn-glucosaminidasc excretion in man MARK To substantiate the effects of urine flow rate on renal lysozyme handling and Nvacetyl-Bvn-glucosaminidase (NAG) excretion, experiments were performed in normal human subjects. Urine flow rate was varied by overnight fluid deprivation and progressive diuresis induced by oral water loading. Lysozyme measurements were made using an improved turbidimetric method and NAG determinations using a modified fluorometric assay utilising individual recovery techniques. Fractional lysozyme clearance and lysozyme excretion demonstrated a nearly linear relationship with urine flow rate (r=0·78, r=0·80, P<0·0005) , and both were elevated significantly in samples obtained during diuresis. NAG excretion, however, demonstrated a significant but weak correlation (r=0·47, P<0·005) with fractional urine flow rate. A significant (P<0·05) difference in NAG activity occurred only during the period of hydropenia, when a decrease in excretion was observed. These findings suggest that the effect of diuresis on lysozyme excretion should be considered in studies utilising this enyzyme as a marker of renal injury.
The urinary excretion of lysozyme (EC 3.2.1.17) and N-acetyl-fi-D-glucosaminidase (NAG. EC 3.2.1.30) have been utilised extensively in the evaluation of a variety of renal and non-renal disorders. \--{, Lysozyme is a cationic, bacteriolytic enzyme that is a prototypic low molecular weight protein." It is filtered freely across the glomerular capillary and is 99·9% reabsorbed in the proximal tubule." On the other hand, NAG is a large molecular weight lysosomal enzyme present in highest concentration within the proximal convoluted tubule, but also present within glomeruli and other tubular segments. H The urinary concentration of both enzymes has been elevated in the majority of patients with chronic renal failure, Fanconi's syndrome and severe interstitial nephritis, and may provide important diagnostic and prognostic information in some patients with glomerulonephritis or nephrotic syndrome. 3 in the evaluation of other types of renal dysfunction. I, 2, 11. \4-\6 This problem may be related in part to a lack of general understanding concerning factors that alter renal enzyme excretion in normal man. Alteration of urine flow rate may be one of these factors as Barrett and Crawford have previously reported a relationship between urine flow rate and lysozyme clearance in healthy adults.r' NAG excretion, however, has generally been reported to be unaffected by changes in urine flow rate, although frusemide may transiently increase enzyme excretion. 17 -211 We have recently provided additional data supporting these observations." Lysozyme excretion (ug/umol creatinine) was shown to be elevated significantly in random urine samples with a low specific gravity. NAG excretion (nmcl/umol creatinine), however, demonstrated no such relationship with urine concentration. As these studies were conducted largely under baseline conditions;': 17-2\ this investigation was conducted to examine the effects of both hydropenia and progressive diuresis induced by oral water loading, on renal lysozyme handling and NAG excretion.
Methods

SUBJECTS
Experiments were performed on 10 normal volunteers (five men and five women), aged 24-43 years. All subjects were healthy, had no previous history of renal or urinary tract disorders and none was receiving any medication. This study was approved by the Institutional Review Board of the University of Nebraska and informed consent was obtained in each instance.
Mild volume contraction was induced by overnight fluid deprivation (15 h), preceding the initiation of the protocol at 8.00 a.m. Subjects were asked to double void and urine was collected over. a period of 1 h. Following this collection, oral water loading was accomplished using a modification of the protocol reported by Chaimovitz et al. 22 Water (20 mUkg body weight) was given acutely over a period of 30 min, and successive 30 min collection periods were obtained. During each period the subjects received 5 mUkg body weight of water. Urine was collected during the diuresis phase, until flow rate was stable, or for a maximum of five periods. Midpoint plasma samples were obtained during each collection period from an indwelling catheter.
ANALYTICAL METHODS
Lysozyme was measured using the improved and standardised turbidimetric method previously reported.l'' This assay is linear over a concentration range of 0·01-1·0 ug/rnl, and the within-run and between-run coefficients of variation using normal pooled samples were 9·3% and 4·8%, respectively. As previous recovery experiments have documented the absence of significant inhibitors of lysozyme activity in normal urine.!'' individual recovery techniques were not used. NAG measurements were performed using a slight modification of the manual fluoro metric method reported by Tucker et al., 23 in which the substrate concentration was increased to 0·8 mmol/L, a value closer to the K m • 24 As urine contains inhibitors and activators of NAG activity, the individual recovery techniques suggested by Vigano et al. 24 were utilised. NAG concentrations were corrected to 100% recovery and values were reported as nmol 4-methylumbelliferone (4-MU) released per 30 min incubation at 37°C. The within-run and between-run coefficients of variation using normal samples were 4·3% and 5%, respectively. Creatinine determinations were made using a micro-adaptation of a true creatinine method.P CALCULATIONS AND STATISTICAL ANALYSIS Clearances were calculated using the standard formulae and endogenous creatinine clearance was used as an estimate of glomerular filtration rate (GFR). Enzyme activity is reported as absolute excretion, excretion factored per umol urinary creatinine and for lysozyme as a fractional clearance (CLylCCr) to obviate any effect of small differences in GFR between periods or individual subjects. Data storage and statistical analysis were done by computer utilising the Statistical Analysis System (SAS) as previously reported.I': 26. 27 To evaluate potential differences in enzyme excretion following oral water loading, the samples were separated into four arbitrary groups based on differences in fractional urine flow rate (V/GFR). Standard descriptive statistical analysis was done as was a Bartlett's test to determine the homogeneity of variances. A normal probability plot and univariate statistics were utilised to test the normality of distribution. Comparisons were done using the one-way analysis of variance (ANO-VA) and Duncan's multiple comparison procedure if parametric analysis was indicated. If not, a non-parametric ANOVA and multiple comparison procedure was utilised. Correlation coefficients were calculated using Pearson's product moment statistic and linear regressions using the least squares technique. Differences were considered significant if P was < 0·05 and all data is reported as the mean ± SD. Standard procedures were used for all statistical testing. 27 
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Results
The effects of hydropenia and oral water loading on GFR, renal lysozyme handling and NAG excretion are given in Table 1 . GFR was normal during the period of mild volume contraction and was not significantly (P> 0,2) increased by water loading. Fractional lysozyme clearance (CLylCCr), however, was noted to increase progressively as V/GFR increased (Fig. 1 ), although these differences were not significant (P> 0,1) at either the highest or lowest two levels of VlGFR (Table 1) . Lysozyme excretion, either absolute or factored per umol urinary creatinine, also increased progressively following water loading in a manner similar to CLylCCr' During the period of hydropenia, absolute NAG excretion was c., (mUmin)
Values represent mean ± SD. significantly (P<O·OS) lower than during the periods following water loading, although no significant (P> 0,2) differences were noted between the latter three groups (Table 1) . When NAG excretion was factored per urnol creatinine, no differences were seen between the two lowest levels of V1GFR, although excretion during hydropenia was significantly (P<O·OI) lower as compared to the highest two levels of V/GFR. It is important to note that enzyme excretion was widely variable at all levels of urine flow as evidenced by the large standard deviations (Table 1) . When a multiple correlation matrix was generated comparing V/GFR with all parameters of enzyme excretion, a significant cor-relation was identified in each instance ( Table  2 ). The striking relationship between V1GFR and CL/C C ' is demonstrated in Fig. 1 . In addition, lysozyme excretion, either absolute or factored per mol creatinine, was correlated highly with V/GFR (r=0'80 and r=0·79, respectively). The correlation between the two parameters of lysozyme excretion was highly significant (r=0·95, P=O'OOOl), documenting that enzyme activity can be monitored adequately using the ratio oflysozyme to creatinine. NAG excretion was noted to .dernonstrate a statisically significant but very weak positive correlation with V/GFR (r=0·47), thus demonstrating a minimal relationship between these variables. As with lysozyme, a high correlation Calculations were done using Pearson's product moment statistic (n=48); abbreviations are the same as in Table 1. was seen between the two parameters of NAG excretion (r=0'88, P=O·OOOl).
Discussion
Alterations in urine flow rate induced by either fluid deprivation or water loading are associated clearly with corresponding changes in lysozyme excretion. The excellent correlation seen between V/GFR and lysozyme excretion or CLy'C C ' would support such a relationship, as would the significant differences in enzyme handling at varying levels of urine flow. These data confirm the previous observation of Barratt and Crawford, who suggested this relationship in normal adults receiving ad lib fluid intake.f In their study, urine flow rate varied between 0·5 and 2·6 ml/rnin and a barely significant correlation (r=0·59, P<0·05) was observed. The higher correlation observed in our study is likely to be related to the wider variablility in urine flow rate induced by hydropenia and water loading. Although this relationship does exist, it is important to note the variability of lysozyme excretion at all levels of V/GFR ( Table 1 , Fig. 1 ) and to appreciate that no differences were observed between the two highest levels of V/GFR. This suggests that other factors besides urine flow rate are important in the regulation of lysozyme handling. As diuresis is recognised to decrease absolute proximal re-absorption through modulation of peritubular Starling forces,29 it is tempting to speculate that diuresis has the same effect on lysozyme transport. The urinary excretion of NAG has been reported generally to be affected little by changes in urine flow rate, although diuresis induced b~frusemide may augment excretion. Well wood et at. 17 have reported that 75% of the variability in urinary NAG concentration is due to variation in urine flow rate; this factor was unimportant when concentration was expressed per mg urinary creatinine. Lockwood and Bosmann" examined the effects of an acute oral water load on NAG excretion. In this study, water was given in a volume equivalent to 1·5% of body weight and urinary NAG activity was noted to be unchanged following the onset of diuresis. This report would appear initially to be at variance with the results of our study. However, we were also unable to document a change in NAG excretion at higher levels of urine flow, although excretion was reduced during the period of hydropenia. As Lockwood and Bosmann did not examine subjects during a period of low urine flow, these observations appear to be compatible. Thus, it appears that in normal subjects, NAG excretion is unaffected by the usual variablility in fluid intake or diuresis, as was suggested by our study of random urine sarnples.:"
In conclusion, our findings document that lysozyme and NAG excretion is highly variable in normal subjects, that lysozyme excretion is elevated dramatically during periods of increased urine flow and that NAG is affected only during periods of hydropenia. Investigators using lysozyme and probably other low molecular weight proteins (e.g.,~Tmicro globulin) as markers of renal injury should bear in mind the effects of urine flow rate on these physiological markers. The utilisation of our previously reported normal random urinary lysozyme data should largely circumvent these considerations.i!
